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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a ceramic-coated quartz 
glass body having neither peeling nor damage of a ceramic layer 
even if repeatedly subjected to thermal shocks being controlled in 
dust, etc.. having excellent chemical resistance and excellent 
handleability. 

SOLUTION: This ceramic-coated quartz glass body is obtained by 
coating the surface of a porous quartz glass body 3 or the surface 
a porous quartz glass layer formed on a quartz glass body with 
ceramic layers 1 and 2. The ceramic-coated quartz glass body is 
produced by forming a ceramic layer on the surface of the porous 
quartz glass body or the porous quartz glass layer by a chemical 
vapor-phase growth reaction, then taking out the porous quartz 
glass from a furnace and cleaning the ceramic layer with an acid. 
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JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 



l translated by computer. So the translation may not reflect the original precisely 

2.**** shows the word which can not be translated. = f /• 

3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The ceramic covering quartz-glass object characterized by covering with a ceramic layer the front 
face of a porosity quartz-glass object, or the front face of a porosity quartz-glass layer established in the quartz- 
glass object. ^ 

[Claim 2] The ceramic covering quartz-glass object according to claim 1 characterized by said ceramic layer 
consistmg of silicon carbide or silicon nitride. 

[Claim 3] The ceramic covering quartz-glass object according to claim 1 or 2 characterized by being the 
ceramic layer m which said ceramic layer was formed by the chemical-vapor-deposition method 
[Claim 4] The ceramic covering quartz-glass object according to claim 1 to 3 characterized by consisting of a 
surface part of gas impermeability which said ceramic layer becomes from ceramic singleness substantially and 
a inner layer part which has the ceramic infiltration organization in which the ceramics permeated in the 
detailed pore of a porosity quartz-glass object or a porosity quartz-glass layer. 

[Claim 5] The ceramic covering quartz-glass object according to claim 4 which is in the range whose thickness 
of the surface part of said ceramic layer is 10 thru/or 1000 micrometers, and is characterized by the thickness of 
said inner layer part being 500 micrometers or more. 

[Claim 6] The ceramic covering quartz-glass object according to claim 1 to 5 characterized by the thickness of 
the porosity quartz-glass layer prepared in said quartz-glass body surface being 1 thru/or 10mm 
[Claim 7] The consistency of said porosity quartz-glass object or the consistency of the porosity quartz-glass 
layer prepared m the quartz-glass body surface is 0.1 thru/or 1.95g/cm3. Ceramic covering quartz-glass object 
according to claim 1 to 6 characterized by being in the range. 

[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to tough and the ceramic covering quartz-glass objects in which 
the ceramic layer excellent in corrosion resistance and abrasion resistance was formed, such as silicon carbide 
and silicon nitride, about a ceramic covering quartz-glass object on the front face of a porosity quartz-glass 
layer established in the front face of the porosity quartz-glass object which reinforcement **** in a detail easily 
weakly and carries out raising dust to it more, or the quartz-glass body surface. 
[0002] 

[Description of the Prior Art] In the semi-conductor manufacture process, various kinds of members which 
consist of a porosity quartz-glass object or a quartz-glass object are used widely. For example, porosity quartz- 
glass objects, such as foaming quartz glass (nature foam of silica glass), are widely used in the various furnaces 
for semi-conductor processing as structure heat insulators, such as a heat insulating board and a wallplate, 
functional heat insulators, such as a wafer boat table, etc. Moreover, the quartz-glass object is widely used for 
the tubular Plastic solid of tabular Plastic solids, such as a thermal shield plate, a heat-resistant nozzle, a coil, 
etc., etc., and the wafer boat regardless of the transparent body and the opaque body. 
[0003] Said porosity quartz-glass object is lightweight compared with a quartz-glass object, thermal 
conductivity is low, and it has the property which was excellent as a heat insulator. However, it being difficult 
to use a general-purpose article as it is in the semi-conductor manufacture process field which dislikes 
contamination according to dust in order to **** the usual porosity quartz-glass object easily and to carry out 
raising dust to the degree of pole, and quartz glass's usually enclosing a porosity quartz-glass object, etc. and a 
certain raising dust control measures are taken, and it is used as after, a heat insulator, etc. 
[0004] 

[Problem(s) to be Solved by the Invention] By the way, the quartz-glass member which enclosed the porosity 
quartz-glass object, or the member for semi-conductor manufacture processes which consists of a quartz-glass 
object is washed using acid cleaning liquid, such as a fluoric acid water solution, in case it is used for 
defecation. Therefore, when it was used to some extent, by said washing, etching might progress and shakiness 
and breakage might take place between members. In order to solve this problem (i.e., in order to raise the 
chemical resistance (chemical resistance) of the member which consists of a quartz-glass object), tough and the 
researches and developments covered with the ceramic layer excellent in corrosion resistance and abrasion 
resistance of silicon carbide (SiC), silicon nitride (Si3 N4), etc. are furthered in the front face. 
[0005] however, when covering formation of the ceramic layers, such as the direct above-mentioned silicon 
carbide and silicon nitride, is carried out on the front face of a quartz-glass object Since there is a difference of 
the coefficient of thermal expansion (5.6x1 0-7/degree C) of a quartz-glass object and the coefficient of thermal 
expansion (SiC:4xl0-6/degree C) of ceramics, such as said silicon carbide. When the heat histories, such as 
repeat heating and cooling, were received, the film (layer) destruction and exfoliation resulting from this 
thermal shock distortion might arise, and it might become the cause of dust. 

[0006] The approach of controlling generating of such dust etc. is also proposed. To JP,8-83835,A In the 
quartz-glass base material which carried out surface coating with silicon carbide between this quartz-glass base 
material front face and a silicon carbide membrane layer For example, like siUcon and siHcon nitride, the 
inclination layer of the addition component which consists of the matter also with small degree of hardness and 
elastic modulus rather than silicon carbide is made to intervene as an interlayer, and the silicon carbide covering 
quartz-glass object which buffered heat distortion generating which originates in the difference of said thermal 
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expansion by this interlayer is proposed. The silicon carbide covering quartz-glass object of the above- 
mentioned structure has good thermal shock resistance, and has the resistance stabilized in the long run about 
the chemical resistance force over a fluoric acid water solution, nitric-acid water solutions, these mixed-acid 
water solutions, etc., and dust raising dust control and diffusion evasion of semi-conductor harmful matter. 
[0007] However, when the 3rd component other than a quartz-glass object and a silicon carbide component, 
especially a silicon ingredient were included in this way, and there was an increment in weight at this rate and it 
used as various members of the member for semi-conductor manufacture processes, the difficulty was in 
handling nature. Moreover, in order that heat capacity might increase-ize, when it used as a heat treatment 
member, there was a trouble that heat responsibility was not enough etc. 

[0008] This invention aims at offering the ceramic covering quartz-glass object which does not have exfoliation 
or breakage of a ceramic layer even if it receives the thermal shock of a repeat, and raising dust, such as dust, 
was controlled, and was moreover excellent in chemical resistance (chemical resistance), and was excellent in 
handling nature. 
[0009] 

[Means for Solving the Problem] The ceramic covering quartz-glass object concerning this invention made in 
order to solve the above-mentioned technical technical problem is characterized by covering with a ceramic 
layer the front face of a porosity quartz-glass object, or the front face of a porosity quartz-glass layer established 
in the quartz-glass object. It is desirable for said ceramic layer to consist of silicon carbide or silicon nitride 
here, and it is desirable that it is the ceramic layer in which said ceramic layer was formed by the chemical- 
vapor-deposition method. 

[0010] Moreover, it is desirable to consist of a surface part of gas impermeability which said ceramic layer 
becomes from ceramic singleness substantially, and a inner layer part which has the ceramic infiltration 
organization in which the ceramics permeated in the detailed pore of a porosity quartz-glass object or a porosity 
quartz-glass layer, it is in the range whose thickness of the surface part of said ceramic layer is 10 thru/or 1000 
micrometers, and it is desirable for the thickness of said inner layer part to be 500 micrometers or more. 
[00 11] Furthermore, the consistency of the porosity quartz-glass layer which it was desirable for the thickness 
of the porosity quartz-glass layer prepared in said quartz-glass body surface to be 1 thru/or 10mm, and was 
prepared in the consistency or quartz-glass body surface of said porosity quartz-glass object is 0.1 thru/or 1.95 
g/cm3. It is desirable that it is in the range. 

[0012] The ceramic covering quartz-glass object of this invention has the description on a configuration in 
tough and the points with which it is the ceramic layer excellent in corrosion resistance and abrasion resistance, 
and the front face of a porosity quartz-glass object or the front face of a porosity quartz-glass layer established 
in the quartz-glass object is covered, such as silicon carbide and carbonization nitrogen. 
[0013] When ceramic layers, such as silicon carbide (SiC), were covered on the front face of the usual quartz- 
glass object which is not a porous body, as already explained, it originated in the difference of the coefficient of 
thermal expansion of a quartz-glass object and a ceramic layer, a crack and membrane layer exfoliation arose in 
the ceramic layer, and this had become causes, such as dust, on it. On the other hand, with the ceramic covering 
quartz-glass object of this invention, ceramic covering of SiC etc. is given to the front face of a porosity quartz- 
glass object, or the front face of a porosity quartz-glass layer established in the quartz-glass object, namely, a 
ceramic layer is formed in it. 

[0014] Unlike the case of the above mentioned quartz-glass object, the ceramic layer prepared in the front face 
of a porosity quartz-glass layer established in the fi-ont face of a porosity quartz-glass object or the quartz-glass 
object permeates from an interface in the detailed pore inside a porosity quartz-glass object or a porosity quartz- 
glass layer. That is, while the surface part of gas impermeability which consists of ceramic singleness, such as 
SiC, substantially is formed on said interface, the inner layer part of the infiltration organization in which said 
ceramics permeated in the detailed pore of a porous body is formed in the bottom of this interface. By existence 
of this inner layer part, the exfoliation and breakage of the ceramic layer used as a surface accompanying the 
coefficient-of-thermal-expansion difference of a quartz-glass object and ceramics, such as SiC, can be 
prevented. 

[0015] If it is in the porosity quartz-glass layer prepared in the porosity quartz-glass object of this invention, and 
the quartz-glass object, the quartz glass is divided by countless detailed pore, and exists as organization which 
the very thin septum side which divides these followed. Therefore, since it is flexible and the detailed septum of 
quartz glass moreover has the complicated configuration by the area of jointing with ceramic layers, such as 
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* SiC, becoming large compared with the quartz-glass object to the flow stress by a thermal shock etc., 
respectively as compared with the quartz-glass object, stress distribution becomes easier, direct on a quartz- 
glass object, even if it receives the heat history like repeat heating and cooling for a long period of time, when 
ceramic layers, such as SiC, are covered also with this to said porous body which was carried out - neither film 
(layer) exfoliation nor the breakage by the interface occurs like [ at the time of covering SiC etc. ], but it 
becomes what was extremely excellent in raising dust checked. 

[0016] Moreover, in the case of a SiC layer etc., the ceramic layer of corrosion resistance is high, therefore 
possible also for carrying out acid cleaning of the whole member. Moreover, the effectiveness that the 
reinforcement of the member itself increases is also acquired by covering with tough ceramics, such as SiC. 
[0017] Since especially the ceramic covering quartz-glass object that consists of the porosity quartz-glass object 
which covered the ceramic layer of this invention uses the porosity quartz-glass object for the base material, in 
addition to excelling in many effectiveness, such as the above-mentioned dust raising dust checked, impurity 
diffusion checked, corrosion resistance, and tough nature, it is Hghtweight, and is high, and does so' the 
effectiveness which was extremely excellent as a heat insulation member for semi-conductor manufacture 
processes. [ of adiabatic efficiency ] 

[0018] Moreover, the ceramic covering quartz-glass object which consists of the porosity quartz-glass object 
which covered the ceramic layer of this invention can obtain the layered product which has good adhesion 
easily by welding a porosity quartz-glass object to the front face of a quartz-glass object. Moreover, with the 
ceramic covering quartz-glass object concerning this invention which covered with the ceramic layer the front 
face of a porosity quartz-glass layer established especially in the quartz-glass object, a porosity quartz-glass 
object serves as a buffer coat, and ceramics, such as SiC, becomes thermal shock resistance from the interface 
of this and a porosity quartz-glass object by entering into internal pore with what was extremely excellent. And 
since the adhesion of a porosity quartz-glass layer and ceramic layers, such as SiC, is also good, it excels in 
raising dust checked, such as dust, and, moreover, a ceramic layer becomes what in the case of the high grade 
SiC membrane layer formed by the CVD forming-membranes method etc. was excellent also in impurity 
diffusion checked and was extremely excellent as a member for semi-conductor manufacture processes, as 
already stated. 

[0019] In addition, the above-mentioned ceramic covering quartz-glass object of this invention Process the 
configuration of a request of a porosity quartz-glass object, set the acquired porosity quartz-glass object on the 
support in a furnace, and the ceramic layer of gas impermeability is made to form in this porosity quartz-glass 
body surface by the chemical-vapor-deposition reaction. Subsequently, after ****(ing) and carrying out acid 
cleaning, it sets at the time of the front ceramic stratification. It is desirable to support a different part from the 
part which was in contact with said support of said porosity quartz-glass object with the support in a furnace, 
and to manufacture by forming the surface part of the ceramic layer of request thickness by the chemical-vapor- 
deposition reaction further. 

[0020] For example, if a porosity quartz-glass object tends to be set and it is going to form the surface part of 
the ceramic layer of desired thickness (for example, 500-1000 micrometers) with 1 time of chemical vapor 
deposition on the support supported three points In case it will be in the condition that the suitable ceramic fibn 
was formed also in the part which touches the support of a porosity quartz-glass object, and support was joined 
to the porosity quartz-glass object and a porosity quartz-glass object is ****(ed), the fault which this vitreous 
humour itself damages will arise. Moreover, although it does not damage, the ceramic film (layer) will not fully 
be formed in the part which was in contact with said support, but gas impermeability will become inadequate. 
[0021 ] Moreover, when a base material is a quartz-glass object, a porosity quartz-glass layer is joined to the 
fi-ont face of the quartz-glass object into which the desired configuration was processed by welding. Form, set 
said acquired quartz-glass object on the support in a furnace, and a chemical-vapor-deposition reaction is made 
to perform. In the time of the front [ after making the ceramic layer of gas impermeability form in this porosity 
quartz-glass layer front face, ****(ing) subsequently and carrying out acid cleaning ] ceramic stratification It is 
desirable fi-om the same reason as the above to support a different part fi-om the part which was in contact with 
said support of said quartz-glass object with the support in a furnace, and to manufacture by forming the surface 
part of the ceramic layer of request thickness by the chemical-vapor-deposition reaction fiulher 
[0022] 

[Embodiment of the Invention] This invention is explained more below at a detail. The ceramic covering 
quartz-glass object of this invention is the description on a configuration of the point that the fi-ont face of a 
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porosity quartz-glass object or the front face of a porosity quartz-glass layer established in the quartz-glass 
object IS covered with the ceramic layer. It is possible for a porosity quartz-glass object to use a material 
equivalent to usual quartz glass as a raw material, for it to be processed and obtained and for thermal resistance 
chemical stabihty, purity, etc. to lightweight-ize apparent density for this to about about 1 of usual quartz glass / 
10 generally, according to quartz glass porosity-ization. And said porosity quartz-glass object is excellent also 
m those with low-fever expansibility, and workability with high thermal resistance. The nature porous body of a 
sihca (apparent density: 1.00 - 1.99 g/cm3, preferably 1.80 - 1.95 g/cm3) and the nature foam of silica glass 
(apparent density: 0.1 - 0.99 g/cm3, preferably 0.1 - 0.50 g/cm3) which indicate below the porosity quartz-glass 
object which can be used by this invention are included. 

[0023] Namely, are shown in JP,4-202070,A as an example of such a porosity quartz-glass object. Add the 
amorphous silica powder of a very detailed particle size to crystalline substance silica powder, and it mixes to it 
The nature porous body of a silica which it calcinated [ porous body ] after shaping, was obtained [ porous 
body ], earned out the partial bond of this crystal silica **** for the crystalline substance silica grain front face 
densely by the wrap amorphous silica impalpable powder layer, and made many open pores form between 
crystal silica ****, Moreover, contain the hydroxyl group shown in JP,5-345636,A, and specific surface area 
heat-treats the amorphous silica base material 6m2 / more than g in the ambient atmosphere containing 600 
thru/or 1300-degree C ammonia gas. Subsequently, the nature foam of high grade silica glass which was made 
to carry out heating foaming and was obtained in the temperature requirement (1350 degrees C thru/or 1800 
degrees C), Furthermore, specified quantity addition of the high grade silicon nitride by which particle-size 
control was carried out at the nature raw material powder of high grade silicic acid shown in JP,5-254882,A is 
carried out, and the bubble diameter disfribution 20 thru/or 180-micrometer nature foam of silica glass, etc. 
obtained by fusing by the oxyhydrogen flame is mentioned. It sets to this invention also especially among these 
porosity quartz-glass objects, and they are a consistency 0.1 thru/or 1.95 g/cm3. It is desirable from a viewpoint 
of contamination tightness, lightweight nature, adiathermic, and heat-capacity balance to use a high grade 
article. 

[0024] In this invention, surface coating of the front face of the above-mentioned porosity quartz-glass object is 
earned out by tough and the ceramic film (layer) excellent in corrosion resistance and abrasion resistance, such 
as silicon carbide (SiC) and silicon nitride (Si3 N4). SiC and Si3 N4 which are formed in the front face of this 
porosity quartz-glass object etc. ~ as shown in drawing 1 as a mimetic diagram, as for the film (layer), it is 
desirable to consist of the surface part 1 of gas impermeability which membranous cross-section organization 
becomes from ceramic singleness substantially, and the inner layer part 2 of the infiltration organization in 
which the ceramics permeated in the detailed pore of the porosity quartz-glass object 3. 
[0025] And if it is in the ceramic covering quartz-glass object which carried out SiC covering of the porosity 
quartz-glass object again, as for the thickness of the gas impermeable surface section 1 of said SiC singleness, it 
is desirable from a chemical-resistant and dust raising dust checked point that it is in 10 thru/or the range of 
1000 micrometers. Moreover, as for the thickness of the inner layer part 2 which has the SiC infiltration 
organization in which SiC permeated in the detailed pore of said porosity quartz-glass object, it is desirable that 
It is 3mm or more from the viewpoint which collateralizes reinforcement and toughness, and a viewpoint which 
avoids the film (layer) exfoliation based on the coefficient-of-thermal-expansion difference of quartz glass and 
SiC. Especially when you need a member with high reinforcement, it is desirable that it is the strucmre which 
SiC permeated to the core of a member Plastic solid. 

[0026] Above SiCand Si3 N4 etc. ~ as an approach of covering the ceramics on the front face of a porosity 
quartz-glass object Although it is not limited especially if it is the approach of forming the fibn (layer) in the 
front face of this porosity quartz-glass object, as an especially suitable approach for the above-mentioned 
ceramic enveloping layer formation in this invention The CVD forming-membranes method (chemical-vapor- 
deposition method) which can form the high grade fibn and is easy to form the above-mentioned inner layer 
part can be mentioned. The CVD forming-membranes method is the approach of supplying a deposition raw 
material in the state of a gaseous phase (gas), and forming a thin film in a base material front face using a 
chemical reaction, and has a heat CVD method, a plasma-CVD method, an optical CVD method, etc. by with 
what kind of means the energy which produces a reaction is given. In this invention, any CVD method is 
usable. 

[0027] If the standard condition is stated to a porosity quartz-glass object (disc-like base material with 20mm 
[ m thickness ], and a diameter of 100mm) about the case where covering formation of the SiC film is carried 
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out, using a heat CVD method as an example Usually, whenever [ furnace temperature ]; on the processing 
conditions of 1230 degrees C, inflow gas;SiC14 (2.7SLM), C three H8 (0.9SLM), H2 (20SLM), and processing- 
time; 5-hour ** The covering film formation whose thickness of said film surface part which consists of SiC 
singleness substantially is about 100 micrometers is possible (the part of the nature foam of silica glass remains 
in about 3mm in thickness of a SiC infiltration inner layer part, and the core inside it). 
[0028] In ceramic fihn (layer) covering down stream processing by this CVD method, taking procedure, like it 
is more desirable to divide into multiple times and to carry out fihn (layer) deposition processing until it 
becomes predetermined thickness, for example, it divides the above-mentioned processing time into 2 times by 
a unit of 2.5 hour, and sandwiches fluoric acid washing of a base material and desiccation actuation between 
them is recommended. For example, if a porosity quartz-glass object tends to be set and it is going to form the 
surface part of the ceramic layer of desired thickness (for example, 500-1000 micrometers) with 1 time of 
chemical vapor deposition on support In case it will be in the condition that the suitable ceramic film was 
formed also in the part which touches the support of a porosity quartz-glass object, and support was joined to 
the porosity quartz-glass object and a porosity quartz-glass object is ****(ed), the fault which this vitreous 
humour itself damages will arise. Moreover, although it does not damage, the ceramic film (layer) will not fiilly 
be formed in the part which was in contact with said support, but gas impermeability will become inadequate. 
As described above, by dividing into multiple times and carrying out, it cannot leave the marks of the base 
material installation fixture in a fiimace, and the film (layer) of homogeneity thickness can be formed all over 
the ft"ont face of a ceramic covering quartz-glass member. 

[0029] In the ceramic covering quartz-glass object of this invention, suitable porosity quartz-glass voxel 
material is prepared, the configuration of a request of this is processed, and it considers as a base material. 
Subsequently, installation maintenance is carried out on a maintenance fixture, and this base material is set in a 
CVD fumace. And a ceramic layer is formed in the bottom of the above-mentioned condition by CVD vapor 
growth, for example. If it **** and contamination of a covering ceramic layer surface part is removed by fluoric 
acid washing etc. the back, it will consist of a high grade ambient atmosphere in a semi-conductor manufacture 
process usable suitably. 

[0030] Thus, as ceramic covering film, such as formed SiC, is shown in drawing 1 , a fi-ont face to the depth 10 
thru/or 1000 micrometers consist only of ceramics, such as SiC, and it becomes a deep part and the ceramic [ as 
for the parts of 3 thru/or 5 mm** ] infiltration organization with which ceramics, such as SiC, usually permeated 
the interior of pore (air bubbles) preferably 500 micrometers or more less than 20mm from the front face from 
it. Usually, although the core of a base material remains with a porosity quartz-glass object, it can also consider 
as the above-mentioned ceramic infiltration structure to a core, and this member will become hard with high 
intensity. Although the rate of making the core of this base material remaining with a porosity quartz-glass 
object can be suitably set up by that application, in order to secure adiathermic [ as the thermal shield material 
for semi-conductors, and a heat insulator / the higher lightweight natiire and adiathermic / higher ] especially, it 
is desirable to consider as 50 to 80 volume [ of the whole ceramic covering quartz-glass object ] %. 
[0031] Since the above-mentioned ceramic covering quartz-glass object uses the porosity quartz-glass object for 
the base material, it is lightweight and is higher than ceramic independent articles, such as SiC. [ of heat 
insulation property ] In order to raise these engine performance more, it is desirable to use especially the latter 
among the nature porous body of a silica mentioned above as an example of a porosity quartz-glass object and 
the nature foam of silica glass. By forming ceramic layers (film), such as SiC, the raising dust of a porosity 
quartz-glass object can be controlled. In the case of the ceramic layer by which CVD membrane formation was 
carried out as the surface described above especially, it is a high grade and impurity diffiasion checked is high. 
Moreover, chemical resistance of a surface is high because of quality of the corrosion-resistant ceramics, such 
as SiC, and it is possible to carry out acid cleaning of the whole member. In addition, as long as a base material 
is processible from tabular to the shape of a circle, and a still more complicated configuration, that the member 
of the configuration of arbitration can be manufactured etc. also has an advantage. 

[0032] If it is in the ceramic covering quartz-glass object of this invention, as shown in drawing 2 , the porosity 
quartz-glass layer 3 may be formed in the base material front face of the quartz-glass object 4 of arbitration, and 
ceramic film (layer), such as SiC, may be covered for this front face. The ceramic covering quartz-glass object 
of this mode is the ti-ansparence of non-air bubbles or apparent density 2.0 - 2.19 g/cm3 substantially. The 
porosity quartz-glass layer 3 is joined to the front face of the opaque quartz-glass base material 4 with means, 
such as welding, and it is obtained by forming ceramic layers (1 2), such as SiC, like the above on the front face 
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of this porosity quartz-glass layer 3. 

[0033] A porosity quartz-glass layer joins the above mentioned porosity quartz-glass object by welding etc., and 
although the thickness of the porosity quartz-glass layer 3 to join is suitably set up according to the 
configuration of a member, an application, etc., it is desirable to set it as 1 thru/or the thickness of about 10mm 
in the case of the usual plate. When the thickness of said porosity quartz-glass layer is thin, the joined porosity 
quartz-glass layer serves as the inner layer part 2 of ceramic infiltration organization, and the layer of only 
porosity quartz glass is lost. Therefore, although it is hard and grows into high intensity, it becomes the 
structure which lacks toughness and flexibility a little. 

[0034] A porosity quartz-glass layer can turn into a buffer coat, and the ceramic covering quartz-glass object of 
this mode can prevent fihn peeling resulting from the coefficient-of-thermal-expansion difference between a 
quartz-glass object and ceramic covering film, such as SiC, and can control raising dust. Moreover, it is easily 
joinable with welding etc., and since both adhesion is also good, junction in a quartz-glass object and a porosity 
quartz-glass layer serves as a laminating structural member strong as a whole. Moreover, when the surface of a 
ceramic covering quartz-glass object is covered with high grade ceramics, such as SiC, it excels in impurity 
diffusion checked. Moreover, corrosion resistance is also high, therefore it also has many advantages the 
number of grades which can also carry out acid cleaning of the whole member. The ceramic covering quartz- 
glass object of this mode has high useflihiess as high high intensity structure material of thermal insulation 
nature. 
[0035] 

[Example] the nature foam of "example 1" silica glass (apparent-density 0.4 g/cm3 ~) 200-800 micrometers of 
diameters of air bubbles, mean-coefficient-of-linear-expansion 5.6x1 0-7/degree C (25-900 degrees C), Thermal 
conductivity 0.08 kcal/mhK, purity analysis value (ppm):Na<0.2, K< 0.2, Li<0.2, Mg<0.2, aluminum<l, and 
Cu<0.1 are processed into a heat-insulating-board configuration (3mm in diameter [ of 200mm ] x thickness). 
On this processed nature foam fi-ont face of silica glass, 60-micrometer (however, thickness of surface part 
which consists of SiC singleness substantially) formation of the SiC fihn was carried out all over the CVD 
furnace. In addition, CVD film growth processing conditions are; 1230 degree C and inflow gas;SiC14 whenever 
[ fiimace temperature ]. 2.7SLM(s) and C3 H8 0.9SLM(s) and H2 It was referred to as 20SLM(s) and 
processing-time 2.5hrs. It ****(ed) after film formation and was used as a heat insulating board as it is after 
washing / desiccation. While this product showed high adiabatic efficiency, also in 80 repeat heat cycle 
(duration-of-service two months, seven counts of acid cleaning) use for ordinary temperature and about 800 
degrees C, the raising dust firom a surface was hardly seen. 

[0036] The same nature porous body of a silica as the "example 2" example 1 (apparent density: 1.85g [/cm ] 3, 
20-180 micrometers of pore distribution) was processed in the shape of an incubation cartridge, and 1 00 
micrometers (however, thickness of the surface part which consists of SiC singleness substantially) were 
formed in the nature porous body of a silica of the shape of this incubation cartridge for the SiC film at the 
CVD furnace. It ****(ed) and was used as a heat insulating mould as it is after washing / desiccation. While the 
surface high grade SiC layer also enabled use of a high grade ambient atmosphere, it was equal to the corrosion 
by the controlled atmosphere, and there was ahnost no raising dust fi-om a surface in spite of the long-term use 
for two months or more. Moreover, the polish recon film adheres to a front face during use of this heat 
insulating mould, and it is HF+HN03. Although washed 10 times by the penetrant remover, there was no 
consumption by etching substantially and there were also no faults, such as shakiness. 

[0037] Apparent-density 2.10 g/cm3 tabular [ for "example 3" furnace walls ] An opaque quartz-glass object is 
prepared (3nim in 200mm[ 100mm by ] x thickness), the nature foam of silica glass with a thickness of 10mm 
was welded to all the fi-ont faces of this quartz-glass object (foaming quartz material ~ description: ~ 
consistency 0.8 g/cm3 -) 50-200 micrometers of diameters of air bubbles, mean-coefficient-of-linear-expansion 
5. 6x1 0-7/degree C (25-900 degrees C), thermal conductivity 0.08 kcal/mhK, purity analysis value 
(ppm):Na<0.2, K< 0.2, Li<0.2, Mg<0.2, aluminum<l, Cu<0.1. The SiC film was formed in the fi-ont face of 
this silica glass foam layer (porosity quartz-glass layer) of the opaque quartz-glass object which joined the 
above-mentioned nature foam of silica glass to the front face at the CVD furnace at the thickness of 300 
micrometers, and it ****(ed) after processing, and was used as it is after washing / desiccation. The adhesion 
between layers of the product of an opaque quartz-glass base material, a porosity quartz-glass interlayer, and 
SiC surface layer each class was good, and surface exfoliation etc. was not produced in prolonged use, either. 
[0038] The nature foam of silica glass with a thickness of 3nmi (thing of the same description as an example 3) 
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was welded to all the surface sections of the transparent-silica-glass object of an "example 4" coil configuration 
(308mni of appearances, thickness of 311mm, die length of 350mm). 100 micrometers of SiC film were formed 
in this nature foam (porosity quartz-glass layer) front face of silica glass of this coil at the CVD furnace. It **** 
(ed) and was used as it is after washing desiccation. The surface high grade SiC layer was equal to the corrosion 
by the controlled atmosphere, while also enabling use under a high grade ambient atmosphere, and the long- 
term use for two months or more was possible. Moreover, it is HF+HN03 while using this coil. Although 
washed 10 times by the penetrant remover, there was no consumption by etching substantially and there were 
also no un-arranging, such as deformation. 
[0039] 

[Effect of the Invention] According to the ceramic covering quartz-glass object of this invention, even if it 
receives heat cycles, such as heating cooling, over a long period of time, exfoliation of the ceramic layer (film) 
which originates in the coefficient-of-thermal-expansion difference of quartz glass and a ceramic layer (film), 
and is produced, crack initiation, etc. can be prevented. Therefore, even if it uses the ceramic covering quartz- 
glass object of this invention for a long period of time under the environment where severe heating and heat-of- 
cooling SAIKURU ** are received, it deteriorates, and the raising dust of it is not carried out fi-om a member 
fi-ont face, and it can be especially used suitably as a member for semi-conductor manufacture processes. 
[0040] Moreover, the member which covered ceramic layers, such as SiC, on the porosity quartz-glass object 
among the ceramic covering quartz-glass objects of this invention is lightweight, and since it is excellent in 
adiathermic, it is suitable as heat insulation members, such as a heat insulating board, a thermal shield plate, and 
a heat insulating mould. Moreover, welding junction of the porosity quartz-glass layer is carried out, and the 
member of the mode in which the ceramic layer was formed on this porosity quartz-glass layer front face is 
excellent in tough nature, corrosion resistance, and abrasion resistance, and is used for a quartz-glass object 
suitable for the various members for the susceptor for furnace wall material, a coil, wafer installation, and heat 
treatment, the object for lamp heating apparatus, or field-like heater heating apparatus etc. 
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TECHNICAL FIELD 



[Field of the Invention] This invention relates to tough and the ceramic covering quartz-glass objects in which 
the ceramic layer excellent in corrosion resistance and abrasion resistance was formed, such as silicon carbide 
and silicon nitride, about a ceramic covering quartz-glass object on the front face of a porosity quartz-glass 
layer established in the front face of the porosity quartz-glass object which reinforcement **** in a detail easily 
weakly and carries out raising dust to it more, or the quartz-glass body surface. 
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PRIOR ART 



[Description of the Prior Art] In the semi-conductor manufacture process, various kinds of members which 
consist of a porosity quartz-glass object or a quartz-glass object are used widely. For example, porosity quartz- 
glass objects, such as foaming quartz glass (nature foam of silica glass), are widely used in the various furnaces 
for semi-conductor processing as structure heat insulators, such as a heat insulating board and a wallplate, 
functional heat insulators, such as a wafer boat table, etc. Moreover, the quartz-glass object is widely used for 
the tubular Plastic solid of tabular Plastic soHds, such as a thermal shield plate, a heat-resistant nozzle, a coil, 
etc., etc., and the wafer boat regardless of the transparent body and the opaque body. 
[0003] Said porosity quartz-glass object is lightweight compared with a quartz-glass object, thermal 
conductivity is low, and it has the property which was excellent as a heat insulator. However, it being difficult 
to use a general-purpose article as it is in the semi-conductor manufacture process field which dislikes 
contamination according to dust in order to **** the usual porosity quartz-glass object easily and to carry out 
raising dust to the degree of pole, and quartz glass's usually enclosing a porosity quartz-glass object, etc. and a 
certain raising dust control measures are taken, and it is used as after, a heat insulator, etc. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] According to the ceramic covering quartz-glass object of this invention, even if it 
receives heat cycles, such as heating cooling, over a long period of time, exfoliation of the ceramic layer (film) 
which originates in the coefficient-of-thermal-expansion difference of quartz glass and a ceramic layer (film), 
and is produced, crack initiation, etc. can be prevented. Therefore, even if it uses the ceramic covering quartz- 
glass object of this invention for a long period of time under the environment where severe heating and heat-of- 
cooling SAIKURU ** are received, it deteriorates, and the raising dust of it is not carried out from a member 
front face, and it can be especially used suitably as a member for semi-conductor manufacture processes. 
[0040] Moreover, the member which covered ceramic layers, such as SiC, on the porosity quartz-glass object 
among the ceramic covering quartz-glass objects of this invention is lightweight, and since it is excellent in 
adiathermic, it is suitable as heat insulation members, such as a heat insulating board, a thermal shield plate, and 
a heat insulating mould. Moreover, welding junction of the porosity quartz-glass layer is carried out, and the 
member of the mode in which the ceramic layer was formed on this porosity quartz-glass layer front face is 
excellent in tough nature, corrosion resistance, and abrasion resistance, and is used for a quartz-glass object 
suitable for the various members for the susceptor for furnace wall material, a coil, wafer installation, and heat 
treatment, the object for lamp heating apparatus, or field-like heater heating apparatus etc. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] By the way, the quartz-glass member which enclosed the porosity 
quartz-glass object, or the member for semi-conductor manufacture processes which consists of a quartz-glass 
object IS washed usmg acid cleaning liquid, such as a fluoric acid water solution, in case it is used for 
defecation. Therefore, when it was used to some extent, by said washing, etching might progress and shakiness 
and breakage might take place between members. In order to solve this problem (i.e., in order to raise the 
chemical resistance (chemical resistance) of the member which consists of a quartz-glass object) tough and the 
researches and developments covered with the ceramic layer excellent in corrosion resistance and abrasion 
resistance of silicon carbide (SiC), silicon nitride (Si3 N4), etc. are furthered in the front face. 
[0005] however, when covering formation of the ceramic layers, such as the direct above-mentioned silicon 
carbide and silicon mtnde, is carried out on the front face of a quartz-glass object Since there is a difference of 
the coefficient of thermal expansion (5.6xl0-7/degree C) of a quartz-glass object and the coefficient of thermal 
expansion (SiC:4xlO-6/degree C) of ceramics, such as said silicon carbide, When the heat histories, such as 
repeat heating and cooling, were received, the film (layer) destruction and exfoUation resulting from this 
thermal shock distortion might arise, and it might become the cause of dust. 

[0006] The approach of controlling generating of such dust etc. is also proposed. To JP,8-83835 A In the 
quartz-glass base material which carried out surface coating with siHcon carbide between this quartz-glass base 
matenal front face and a silicon carbide membrane layer For example, like silicon and silicon nitride, the 
inclination layer of the addition component which consists of the matter also with small degree of hardness and 
elastic modulus rather than silicon carbide is made to intervene as an interiayer, and the silicon carbide covering 
quartz-glass object which buffered heat distortion generating which originates in the difference of said thermal 
expansion by this interiayer is proposed. The silicon carbide covering quartz-glass object of the above- 
mentioned stnicture has good thermal shock resistance, and has the resistance stabilized in the long run about 
the chemical resistance force over a fluoric acid water solution, nitric-acid water solutions, these mixed-acid 
water solutions, etc., and dust raising dust control and diffusion evasion of semi-conductor harmful matter. 
[0007] However, when the 3rd component other than a quartz-glass object and a silicon carbide component 
especially a silicon ingredient were included in this way, and there was an increment in weight at this rate ^d it 
used as vanous members of the member for semi-conductor manufacture processes, the difficulty was in 
handling nature. Moreover, in order that heat capacity might increase-ize, when it used as a heat treatment 
member, there was a trouble that heat responsibility was not enough etc. 

[0008] This invention aims at offering the ceramic covering quartz-glass object which does not have exfoliation 
or breakage of a ceramic layer even if it receives the thermal shock of a repeat, and raising dust, such as dust 
was controlled, and was moreover excellent in chemical resistance (chemical resistance), and was excellent ili 
handling nature. 
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MEANS 



[Means for Solving the Problem] The ceramic covering quartz-glass object concerning this invention made in 
order to solve the above-mentioned technical technical problem is characterized by covering with a ceramic 
layer the front face of a porosity quartz-glass object, or the front face of a porosity quartz-glass layer established 
m the quartz-glass object. It is desirable for said ceramic layer to consist of silicon carbide or silicon nitride 
here, and it is desirable that it is the ceramic layer in which said ceramic layer was formed by the chemical- 
vapor-deposition method. 

[0010] Moreover, it is desirable to consist of a surface part of gas impermeability which said ceramic layer 
becomes from ceramic singleness substantially, and a inner layer part which has the ceramic infiltration 
organization in which the ceramics permeated in the detailed pore of a porosity quartz-glass object or a porosity 
quartz-glass layer, it is in the range whose thickness of the surface part of said ceramic layer is 10 thru/or 1000 
micrometers, and it is desirable for the thickness of said inner layer part to be 500 micrometers or more. 
[001 1] Furthermore, the consistency of the porosity quartz-glass layer which it was desirable for the thickness 
of the porosity quartz-glass layer prepared in said quartz-glass body surface to be 1 thru/or 10mm, and was 
prepared in the consistency or quartz-glass body surface of said porosity quartz-glass object is 0.1 thru/or 1.95 
g/cm3. It is desirable that it is in the range. 

[0012] The ceramic covering quartz-glass object of this invention has the description on a configuration in 
tough and the points with which it is the ceramic layer excellent in corrosion resistance and abrasion resistance, 
and the front face of a porosity quartz-glass object or the front face of a porosity quartz-glass layer established ' 
in the quartz-glass object is covered, such as silicon carbide and carbonization nifrogen. 
[0013] When ceramic layers, such as silicon carbide (SiC), were covered on the front face of the usual quartz- 
glass object which is not a porous body, as already explained, it originated in the difference of the coefficient of 
thermal expansion of a quartz-glass object and a ceramic layer, a crack and membrane layer exfoliation arose in 
the ceramic layer, and this had become causes, such as dust, on it. On the other hand, with the ceramic covering 
quartz-glass object of this invention, ceramic covering of SiC etc. is given to the front face of a porosity quartz- 
glass object, or the front face of a porosity quartz-glass layer established in the quartz-glass object, namely, a 
ceramic layer is formed in it. 

[0014] Unlike the case of the above mentioned quartz-glass object, the ceramic layer prepared in the front face 
of a porosity quartz-glass layer established in the front face of a porosity quartz-glass object or the quartz-glass 
object permeates from an interface in the detailed pore inside a porosity quartz-glass object or a porosity quartz- 
glass layer. That is, while the surface part of gas impermeability which consists of ceramic singleness, such as 
SiC, substantially is formed on said interface, the inner layer part of the infiltration organization in which said 
ceramics permeated in the detailed pore of a porous body is formed in the bottom of this interface. By existence 
of this inner layer part, the exfoliation and breakage of the ceramic layer used as a surface accompanying the 
coefficient-of-thermal-expansion difference of a quartz-glass object and ceramics, such as SiC, can be 
prevented. 

[0015] If it is in the porosity quartz-glass layer prepared in the porosity quartz-glass object of this invention, and 
the quartz-glass object, the quartz glass is divided by countless detailed pore, and exists as organization which 
the very thin septum side which divides these followed. Therefore, since it is flexible and the detailed septum of 
quartz glass moreover has the complicated configuration by the area of jointing with ceramic layers, such as 
SiC, becoming large compared with the quartz-glass object to the flow stress by a thermal shock etc., 
respectively as compared with the quartz-glass object, stress distribution becomes easier, direct on a quartz- 
glass object, even if it receives the heat history like repeat heating and cooling for a long period of time, when 
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ceramic layers, such as SiC, are covered also with this to said porous body which was carried out - neither fihn 
(layer) exfoliation nor the breakage by the interface occurs like [ at the time of covering SiC etc. ], but it 
becomes what was extremely excellent in raising dust checked. 

[0016] Moreover, in the case of a SiC layer etc., the ceramic layer of corrosion resistance is high, therefore 
possible also for carrying out acid cleaning of the whole member. Moreover, the effectiveness that the 
reinforcement of the member itself increases is also acquired by covering with tough ceramics, such as SiC. 
[0017] Since especially the ceramic covering quartz-glass object that consists of the porosity quartz-glass object 
which covered the ceramic layer of this invention uses the porosity quartz-glass object for the base material, in 
addition to excelling in many effectiveness, such as the above-mentioned dust raising dust checked, impuri^ 
diffusion checked, corrosion resistance, and tough nature, it is lightweight, and is high, and does so' the 
effectiveness which was extremely excellent as a heat insulation member for semi-conductor manufacture 
processes. [ of adiabatic efficiency ] 

[0018] Moreover, the ceramic covering quartz-glass object which consists of the porosity quartz-glass object 
which covered the ceramic layer of this invention can obtain the layered product which has good adhesion 
easily by welding a porosity quartz-glass object to the front face of a quartz-glass object. Moreover, with the 
ceramic covering quartz-glass object concerning this invention which covered with the ceramic layer the front 
face of a porosity quartz-glass layer established especially in the quartz-glass object, a porosity quartz-glass 
object serves as a buffer coat, and ceramics, such as SiC, becomes thermal shock resistance from the interface 
of this and a porosity quartz-glass object by entering into internal pore with what was exfremely excellent. And 
since the adhesion of a porosity quartz-glass layer and ceramic layers, such as SiC, is also good, it excels in 
raising dust checked, such as dust, and, moreover, a ceramic layer becomes what in the case of the high grade 
SiC membrane layer formed by the CVD forming-membranes method etc. was excellent also in impurity 
diffusion checked and was extremely excellent as a member for semi-conductor manufacture processes, as 
already stated. 

[0019] In addition, the above-mentioned ceramic covering quartz-glass object of this invention Process the 
configuration of a request of a porosity quartz-glass object, set the acquired porosity quartz-glass object on the 
support in a fumace, and the ceramic layer of gas impermeability is made to form in this porosity quartz-glass 
body surface by the chemical-vapor-deposition reaction. Subsequently, after ****(ing) and carrying out acid 
cleaning, it sets at the time of the front ceramic stratification. It is desirable to support a different part from the 
part which was in contact with said support of said porosity quartz-glass object with the support in a fumace, 
and to manufacture by forming the surface part of the ceramic layer of request thickness by the chemical-vapor- 
deposition reaction fiirther. 

[0020] For example, if a porosity quartz-glass object tends to be set and it is going to form the surface part of 
the ceramic layer of desired thickness (for example, 500-1000 micrometers) with 1 time of chemical vapor 
deposition on the support supported three points In case it will be in the condition that the suitable ceramic fihn 
was formed also in the part which touches the support of a porosity quartz-glass object, and support was joined 
to the porosity quartz-glass object and a porosity quartz-glass object is ****(ed), the fault which this vitreous 
humour itself damages will arise. Moreover, although it does not damage, the ceramic film (layer) will not fully 
be formed in the part which was in contact with said support, but gas impermeability will become inadequate. 
[0021] Moreover, when a base material is a quartz-glass object, a porosity quartz-glass layer is joined to the 
front face of the quartz-glass object into which the desired configuration was processed by welding. Form, set 
said acquired quartz-glass object on the support in a fumace, and a chemical-vapor-deposition reaction is made 
to perform. In the time of the front [ after making the ceramic layer of gas impermeability form in this porosity 
quartz-glass layer front face, ****(ing) subsequently and carrying out acid cleaning ] ceramic stratification It is 
desirable from the same reason as the above to support a different part from the part which was in contact with 
said support of said quartz-glass object with the support in a fiimace, and to manufacture by forming the surface 
part of the ceramic layer of request thickness by the chemical-vapor-deposition reaction further 
[0022] 

[Embodiment of the Invention] This invention is explained more below at a detail. The ceramic covering 
quartz-glass object of this invention is the description on a configuration of the point that the front face of a 
porosity quartz-glass object or the front face of a porosity quartz-glass layer established in the quartz-glass 
object is covered with the ceramic layer. It is possible for a porosity quartz-glass object to use a material 
equivalent to usual quartz glass as a raw material, for it to be processed and obtained and for thennal resistance, 
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chemical stability, purity, etc. to lightweight-ize apparent density for this to about about 1 of usual quartz glass / 
10 generally, according to quartz glass porosity-ization. And said porosity quartz-glass object is excellent also 
in those with low-fever expansibility, and workability with high thermal resistance. The nature porous body of a 
silica (apparent density: 1.00 - 1.99 g/cm3, preferably 1.80 - 1.95 g/cm3) and the nature foam of silica glass 
(apparent density: 0.1 - 0.99 g/cm3, preferably 0.1 - 0.50 g/cm3) which indicate below the porosity quartz-glass 
object which can be used by this invention are included. 

[0023] Namely, are shown in JP,4-202070,A as an example of such a porosity quartz-glass object. Add the 
amorphous silica powder of a very detailed particle size to crystalline substance silica powder, and it mixes to it. 
The nature porous body of a silica which it calcinated [ porous body ] after shaping, was obtained [ porous 
body ], carried out the partial bond of this crystal silica **** for the crystalline substance silica grain front face 
densely by the wrap amorphous siHca impalpable powder layer, and made many open pores form between 
crystal silica ****, Moreover, contain the hydroxyl group shown in JP,5-345636,A, and specific surface area 
heat-treats the amorphous silica base material 6m2 / niore than g in the ambient atmosphere containing 600 
thru/or 1300-degree C ammonia gas. Subsequently, the nature foam of high grade silica glass which was made 
to carry out heating foaming and was obtained in the temperature requirement (1350 degrees C thru/or 1800 
degrees C), Furthermore, specified quantity addition of the high grade silicon nitride by which particle-size 
control was carried out at the nature raw material powder of high grade silicic acid shown in JP,5-254882,A is 
carried out, and the bubble diameter distribution 20 thru/or 1 80-micrometer nature foam of silica glass, etc. 
obtained by fusing by the oxyhydrogen flame is mentioned. It sets to this invention also especially among these 
porosity quartz-glass objects, and they are a consistency 0.1 thru/or 1.95 g/cm3. It is desirable from a viewpoint 
of contamination tightness, lightweight nature, adiathermic, and heat-capacity balance to use a high grade 
article. 

[0024] In this invention, surface coating of the front face of the above-mentioned porosity quartz-glass object is 
carried out by tough and the ceramic film (layer) excellent in corrosion resistance and abrasion resistance, such 
as silicon carbide (SiC) and silicon nitride (Si3 N4). SiC and Si3 N4 which are formed in the front face of this 
porosity quartz-glass object etc. ~ as shown in drawing 1 as a mimetic diagram, as for the fihn (layer), it is 
desirable to consist of the surface part 1 of gas impermeability which membranous cross-section organization 
becomes from ceramic singleness substantially, and the inner layer part 2 of the infiltration organization in 
which the ceramics permeated in the detailed pore of the porosity quartz-glass object 3. 
[0025] And if it is in the ceramic covering quartz-glass object which carried out SiC covering of the porosity 
quartz-glass object again, as for the thickness of the gas impermeable surface section 1 of said SiC singleness, it 
is desirable from a chemical-resistant and dust raising dust checked point that it is in 10 thru/or the range of 
1000 micrometers. Moreover, as for the thickness of the inner layer part 2 which has the SiC infiltration 
organization in which SiC permeated in the detailed pore of said porosity quartz-glass object, it is desirable that 
it is 3mm or more from the viev^oint which collateralizes reinforcement and toughness, and a viewpoint which 
avoids the film (layer) exfoliation based on the coefficient-of-thermal-expansion difference of quartz glass and 
SiC. Especially when you need a member with high reinforcement, it is desirable that it is the structure which 
SiC permeated to the core of a member Plastic solid. 

[0026] Above SiC and Si3 N4 etc. - as an approach of covering the ceramics on the front face of a porosity 
quartz-glass object Although it is not limited especially if it is the approach of forming the fihn (layer) in the 
front face of this porosity quartz-glass object, as an especially suitable approach for the above-mentioned 
ceramic enveloping layer fonnation in this invention The CVD forming-membranes method (chemical-vapor- 
deposition method) which can form the high grade film and is easy to form the above-mentioned inner layer 
part can be mentioned. The CVD forming-membranes method is the approach of supplying a deposition raw 
material in the state of a gaseous phase (gas), and forming a thin film in a base material front face using a 
chemical reaction, and has a heat CVD method, a plasma-CVD method, an optical CVD method, etc. by with 
what kind of means the energy which produces a reaction is given. In this invention, any CVD method is 
usable. 

[0027] If the standard condition is stated to a porosity quartz-glass object (disc-like base material with 20mm 
[ in thickness ], and a diameter of 100mm) about the case where covering formation of the SiC film is carried 
out, using a heat CVD method as an example Usually, whenever [ furnace temperature ]; on the processing 
conditions of 1230 degrees C, inflow gas;SiC14 (2.7SLM), C three H8 (0.9SLM), H2 (20SLM), and processing- 
time; 5-hour ** The covering film formation whose thickness of said film surface part which consists of SiC 
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" singleness substantially is about 100 micrometers is possible (the part of the nature foam of silica glass remains 
in about 3mm in thickness of a SiC infiltration inner layer part, and the core inside it). 
[0028] In ceramic film (layer) covering down stream processing by this CVD method, taking procedure like it 
is more desirable to divide into multiple times and to carry out film (layer) deposition processing until it 
becomes predetemiined thickness, for example, it divides the above-mentioned processing time into 2 times by 
a unit of 2.5 hour, and sandwiches fluoric acid washing of a base material and desiccation actuation between 
them IS recommended. For example, if a porosity quartz-glass object tends to be set and it is going to form the 
surface part of the ceramic layer of desired thickness (for example, 500-1000 micrometers) with 1 time of 
chemical vapor deposition on support In case it will be in the condition that the suitable ceramic film was 
formed also in the part which touches the support of a porosity quartz-glass object, and support was joined to 
the porosity quartz-glass object and a porosity quartz-glass object is ****(ed), the fault which this vitreous 
humour itself damages will arise. Moreover, although it does not damage, the ceramic film (layer) will not fiilly 
be formed in the part which was in contact with said support, but gas impermeability will become inadequate 
As descnbed above, by dividing into multiple times and carrying out, it cannot leave the marks of the base 
material installation fixture in a fiimace, and the film (layer) of homogeneity thickness can be formed all over 
the front face of a ceramic covering quartz-glass member, 

[0029] In the ceramic covering quartz-glass object of this invention, suitable porosity quartz-glass voxel 
matenal is prepared, the configuration of a request of this is processed, and it considers as a base material. 
Subsequently, installation maintenance is carried out on a maintenance fixture, and this base material is set in a 
CVD furnace. And a ceramic layer is formed in the bottom of the above-mentioned condition by CVD vapor 
growth, for example. If it **** and contamination of a covering ceramic layer surface part is removed by fluoric 
acid washing etc. the back, it will consist of a high grade ambient atmosphere in a semi-conductor manufacture 
process usable suitably. 

[0030] Thus, as ceramic covering film, such as formed SiC, is shown in drawing 1 , a fi-ont face to the depth 10 
thru/or 1000 micrometers consist only of ceramics, such as SiC, and it becomes a deep part and the ceramic [ as 
for the parts of 3 thru/or 5mm** ] infiltration organization with which ceramics, such as SiC, usually permeated 
the interior of pore (air bubbles) preferably 500 micrometers or more less than 20mm from the front face fi-om 
It. Usually, although the core of a base material remains with a porosity quartz-glass object, it can also consider 
as the above-mentioned ceramic infiltration structure to a core, and this member will become hard with high 
intensity. Although the rate of making the core of this base material remaining with a porosity quartz-glass 
object can be suitably set up by that application, in order to secure adiathermic [ as the thermal shield material 
for semi-conductors, and a heat insulator / the higher lightweight nature and adiathermic / higher ] especially, it 
is desirable to consider as 50 to 80 volume [ of the whole ceramic covering quartz-glass object ] %. 
[0031] Since the above-mentioned ceramic covering quartz-glass object uses the porosity quartz-glass object for 
the base material, it is lightweight and is higher than ceramic independent articles, such as SiC. [ of heat 
insulation property ] In order to raise these engine performance more, it is desirable to use especially the latter 
among the nature porous body of a silica mentioned above as an example of a porosity quartz-glass object and 
the nature foam of silica glass. By forming ceramic layers (film), such as SiC, the raising dust of a porosity 
quartz-glass object can be controlled. In the case of the ceramic layer by which CVD membrane formation was 
earned out as the surface described above especially, it is a high grade and impurity diffusion checked is high. 
Moreover, chemical resistance of a surface is high because of quality of the corrosion-resistant ceramics, such 
as SiC, and it is possible to carry out acid cleaning of the whole member. In addition, as long as a base material 
is processible from tabular to the shape of a circle, and a still more complicated configuration, that the member 
of the configuration of arbitration can be manufactured etc. also has an advantage. 

[0032] If it is in the ceramic covering quartz-glass object of this invention, as shown in drawing 2 , the porosity 
quartz-glass layer 3 may be formed in the base material front face of the quartz-glass object 4 of arbitration, and 
ceramic film (layer), such as SiC, may be covered for this front face. The ceramic covering quartz-glass object 
of this mode is the transparence of non-air bubbles or apparent density 2.0 - 2.19 g/cm3 substantially. The 
porosity quartz-glass layer 3 is joined to the front face of the opaque quartz-glass base material 4 with means, 
such as welding, and it is obtained by fonning ceramic layers (1 2), such as SiC, like the above on the front face 
of this porosity quartz-glass layer 3. 

[0033] A porosity quartz-glass layer joins the above mentioned porosity quartz-glass object by welding etc., and 
although the thickness of the porosity quartz-glass layer 3 to join is suitably set up according to the 
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configuration of a member, an application, etc., it is desirable to set it as 1 thru/or the thickness of about 1 0mm 
m the case of the usual plate. When the thickness of said porosity quartz-glass layer is thin, the joined porosity 
quartz-glass layer serves as the inner layer part 2 of ceramic infiltration organization, and the layer of only 
porosity quartz glass is lost. Therefore, although it is hard and grows into high intensity, it becomes the 
structure which lacks toughness and flexibiUty a little. 

[0034] A porosity quartz-glass layer can turn into a buffer coat, and the ceramic covering quartz-glass object of 
this mode can prevent film peeling resulting fi-om the coefFicient-of-thermal-expansion difference between a 
quartz-glass object and ceramic covering fibn, such as SiC, and can control raising dust. Moreover, it is easily 
jomable with welding etc., and since both adhesion is also good, junction in a quartz-glass object and a porosity 
quartz-glass layer serves as a laminating structural member strong as a whole. Moreover, when the surface of a 
ceramic covering quartz-glass object is covered with high grade ceramics, such as SiC, it excels in impurity 
diffusion checked. Moreover, corrosion resistance is also high, therefore it also has many advantages the 
number of grades which can also carry out acid cleaning of the whole member. The ceramic covering quartz- 
glass object of this mode has high usefiilness as high high intensity structure material of thermal insulation 
nature. 
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EXAMPLE 



[Example] Nature foam of "example 1" silica glass (apparent-density 0.4 g/cm3, 200-800 micrometers of 
diameters of air bubbles, mean-coefficient-of-hnear-expansion 5.6x1 0-7/degree C (25-900 degrees C)) Thermal 
conductivity 0.08 kcal/mhK, purity analysis value (ppm):Na<0.2, K< 0.2, Li<0.2, Mg<0.2, aluminum<l, and 
Cu<0.1 are processed into a heat-insulating-board configuration (3mm in diameter [ of 200mm ] x thickness). 
On this processed nature foam front face of silica glass, 60-micrometer (however, thickness of surface part 
which consists of SiC singleness substantially) formation of the SiC fitai was carried out all over the CVD 
furnace. In addition, CVD film growth processing conditions are; 1230 degree C and inflow gas;SiC14 whenever 
[ fiimace temperature ]. 2.7SLM(s) and C3 H8 0.9SLM(s) and H2 It was referred to as 20SLM(s) and 
processing-time 2.5hrs. It ****(ed) after film formation and was used as a heat insulating board as it is after 
washing / desiccation. While this product showed high adiabatic efficiency, also in 80 repeat heat cycle 
(duration-of-service two months, seven counts of acid cleaning) use for ordinary temperature and about 800 
degrees C, the raising dust from a surface was hardly seen. 

[0036] The same nature porous body of a silica as the "example 2" example 1 (apparent density: 1.85g [/cm ] 3, 
20- 1 80 micrometers of pore distribution) was processed in the shape of an incubation cartridge, and 1 00 
micrometers (however, thickness of the surface part which consists of SiC singleness substantially) were 
formed in the nature porous body of a silica of the shape of this incubation cartridge for the SiC film at the 
CVD furnace. It ****(ed) and was used as a heat insulating mould as it is after washing / desiccation. While the 
surface high grade SiC layer also enabled use of a high grade ambient atmosphere, it was equal to the corrosion 
by the controlled atmosphere, and there was almost no raising dust from a surface in spite of the long-term use 
for two months or more. Moreover, the polish recon film adheres to a front face during use of this heat 
insulating mould, and it is HF+HN03. Although washed 10 times by the penetrant remover, there was no 
consumption by etching substantially and there were also no faults, such as shakiness. 

[0037] Apparent-density 2.10 g/cm3 tabular [ for "example 3" fiimace walls ] An opaque quartz-glass object is 
prepared (3mm in 200mm[ 100mm by ] x thickness), the nature foam of silica glass with a thickness of 10mm 
was welded to all the front faces of this quartz-glass object (foaming quartz material ~ description: ~ 
consistency 0.8 g/cm3 -) 50-200 micrometers of diameters of air bubbles, mean-coefficient-of-linear-expansion 
5.6x1 0-7/degree C (25-900 degrees C), thermal conductivity 0.08 kcaVmhK, purity analysis value 
(ppm):Na<0.2, K< 0.2, Li<0.2, Mg<0.2, aluminum<l, Cu<0.1. The SiC film was formed in the front face of 
this sihca glass foam layer (porosity quartz-glass layer) of the opaque quartz-glass object which joined the 
above-mentioned nature foam of silica glass to the front face at the CVD fiimace at the thickness of 300 
micrometers, and it ****(ed) after processing, and was used as it is after washing / desiccation. The adhesion 
between layers of the product of an opaque quartz-glass base material, a porosity quartz-glass interlayer, and 
SiC surface layer each class was good, and surface exfoliation etc. was not produced in prolonged use, either. 
[0038] The nature foam of silica glass with a thickness of 3mm (thing of the same description as an example 3) 
was welded to all the surface sections of the transparent-silica-glass object of an "example 4" coil configuration 
(308mm of appearances, thickness of 311mm, die length of 350mm). 100 micrometers of SiC film were formed 
in this nature foam (porosity quartz-glass layer) front face of silica glass of this coil at the CVD fiimace. It **** 
(ed) and was used as it is after washing desiccation. The surface high grade SiC layer was equal to the corrosion 
by the controlled atmosphere, while also enabling use under a high grade ambient atmosphere, and the long- 
term use for two months or more was possible. Moreover, it is HF+HN03 while using this coil. Although 
washed 1 0 times by the penetrant remover, there was no consumption by etching substantially and there were 
also no un-arranging, such as deformation. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing I] Drawing 1 is the sectional view having shown typically the organization of the ceramic covering 
quartz-glass object of this invention of a mode with which a base material consists of a porosity quartz-glass 
object. 

[Drawing^] Drawing 2 is drawing having shown typically the ceramic covering quartz-glass object of this 
invention of the mode in which the ceramic layer was formed on the front face which welded the porosity 
quartz-glass layer to the quartz-glass object, (a) is the perspective view and (b) is the partial expanded sectional 
view. 

[Description of Notations] 

1 SiC Enveloping Layer (Film) (Surface Part) 

2 SiC Enveloping Layer (Film) (Inner Layer Part) 

3 Porosity Quartz-Glass Object (Porosity Quartz-Glass Layer) 

4 Quartz-Glass Object 
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7XJgtS i C^<0-t:7 5 •y^'X^tc02:•«^ttft^TT' 
i>^./ci6. r;?, h^co^fU&Wittttcgix. LA»t>, -fc:7 
5 -yl/xmi)'. C VDfi£«S^{c J: OJBfig^Knr-^^;^ 

s i ctK^iOis-^tcii. A^im^&^&mzLm.ti. ^ 

'n*r'!^'^nra^x\mHtLXSiihXiktijrz{,<r>t^j: 



ay-^x. mi3'K9:^myxw<om£.-^¥^t¥tLz 

[0020] mt^i. 3.^5^}^-rS^^fi±lc$7Lff5 
2<7)^$ 500-1 000//m) <7)-fe75 •y^' 

[00 2 n iJifc, SttA>'?f5l;4f7A*tct7)JS^Ji^ SJrS 
<r>^\,zmL ttzlS^yXf^crmmiz^Jl'S^/fy 

^\ 

[00 22] 

^. *^B>liO*7 5 y^';?.»[a?F3l^7X(*U. $?L® 
Mz^{inl^/iyX]S<^nMi)^-t y S y ^'^^.^ST'S?? 

imcr^^/jy 7.<n^ 1 / 1 oes^x-KSft-rs ^ t 

«T-r&-/'MtI?^llMf (Bi&SS: 1. 0 0- 1. 9 9 
g/cni' . ftiFSL<»i. 1. RO-l. 95g/cm 
^ ) XlHimki ( iO&^/g : 0 . 1 -0 . % 



) «IJB2 00 1 -2 6 1 37 5 

6 

99k cm3 . !ffaL<Ji. 0. 1-0. 50g/c 

( 0 0 2 3 ] HD*>. ^^J: 3.^-JfLS53l*-7^«c<7)C^ 
iLT. «ffl^4-2 0207 0 t^^fB{c^t$ti4, |t 

x'B^^^fz\y'')i]n%^\k^^ ^/v:^?#3¥5-34 5 6 
3 6^^^^(C^$^l§, *8a^*WL> lt^a5«*>'6 
/gUUi<^fa«i^ 'J jJrS^Sr 6 0 0:J^S 13 0 0 

r 1 3 5 ox:f)S. 1 8 0 ox:<oajS3Ea-cDo3fc»jfis-t*- 

X%tyf\j;:^^i,x)ijij=y:xm.WWJf^, -^^zM^^mP^ 
5-25488 2#i^«{C.T^$itiK«SeKSISn£|» 

*iJJT-j§M LTf#'b^i;tjaa>i-^fi 2 o;!j^ 1 8 0 X/ mtfO 

0. i;^Ml. 95g/cin3 <OiS*£eiaS:fflV->i.:it 
*\ f5Sa6±tt. ISStt, Bf*e. »mM^<yyyr.<r>m. 

[0024 ] *3%H^(c^iv^T^i. iMio^nn^^'^ 

^«E«0^ffi5:^<bttS ( S i C ) , ( S i 3 N 

4 ) ^<o^m-r>mit&^iismmzgttifz-ky^'y^ 

/iiSlcm^ilSS i C. Sia N4 ^R (ffl) (i. 

(^mmS^ 1 1 , -t 7 S y :?x*^|&?LS:555;{f7;^f*:3 

hfSt.r>X^'>hZtmTtL\.K 
[002 5] ^LXi^fc. ^Hm^i^-yXi^^SiC 
^fiLrc-tyZ-y';x^m^t^/fy:x.mzi>r,xii, m 
les i cmiK^/fxyf^m^mm^si i «o5$« i ot^m 

I OOOumCTilKMiZhlZttm'm^ait.. 

i^-th ^m^^ 2 OJ5$ »i 3 m mJiUfC-*)* ^ t *^ 
/I- l3tt5-ffl{g-r^gL*Jij>, T^iA^-y:i.tS i Ctc7)«i 
£5?I¥^(c«o-<«5 (Ji) *l«2:[Him-&R^A'<=>iffS 

[0026] ±ies i C. S i3 N4 Vf(0-byS.-,^X 
i:-^^1S^i^/fy:^i^<7)mizmm-thyrmb LTIi, 

mRu^^/fyxf^co-mizm imy xm&x'^hiff 
ikxhiui^zj^^ixh h<r)X-\ttx\.\-hK M^m^za 
ft^±jii-t y s y-? ?.mn.mf&mzit^,i.ztmtcmkt l 



{00 27] — fS^hLT- «C VDj£5rR]v^-C^7LS5 

(cs i cm$:i^imMA■ts>^^z':>\.^x^!r)mm»l 

X: SiC \ i (2. 7SLM),C3H8 (0. 9S 
LM) . H: (20SLM) . 3!!lSB#ra: 5KHa, <Oi!V 

«0J? $ *< 1 0 0 m fi;5iO»S^f£A>TItST'S) ^ { S 
(0 0 2 81 Z(DCVDmzXl-t:y= y^'xm («) 
^ili^, ±S}BM^mi:2. 5i^BH*o2lHltcif{t, •5- 

Scorns (glitf 5 0 0-1 00O^m)<7)-t7S-y^' 

»r«-rCiA>'^<. -tyi-yi^xim^/fyxmt 
crym&^mizi^m^cnm («> 5:iBh£'rsCi*<T-# 
■5.. 

t 0 0 2 9 I ^^mr>-tiyS. -y ^xmm^/jyXfi^lZ 
>n^X. m-^^d:'^limT>%/fyXti:m'^i:ilf>W^. Ztl 
^mmcTy^izDaXLX^t^h. <X\^X'Z<^ft 

Kl^rri^.lJcSS-^Kf^L. CVD^Hz-t -, 
I. -ilX. fi^;c.«f±iiI3fcftT(cCVD5rvffli£^^{cJ: 
0, ■^yi yi:^xF^^BiS.i-i>. iP&Uk. y ymikf¥ 

i*'mt^mmra-t:x{zmiw,^^rm^x-<ox o 

COO 301 ZcoJ:-)izB&^tlfcS i C^i0-t7 5 ■/ 
SI 0 OOjumiST'liS i Clf«0-t:-5 5 7 XiTiJi-t^ty 



^) r«^2 00 1 -2 6 I 375 

S 

Ji20mmJ.UM. W5L<<j3;^S5mm, COSJ^HiS 

x\^(rittm-^^hm^\i, ^<r>WMzi,y)mm^ 
■ri>zti<x-^i>i}<, mz. mm<D^m. 
nt LTJ: o.^^^fls^iaL«ttJlis^|,;t>^{-(- 
lo -tyiy^xmm^/fyxiii^i^coso-^aotmx 

•t7 5-/^'x4iapoJ: o«LtT-. mmi&^^w zti 

mt lX±mLfci^>J:^n$-Jlii^Rl/i^V/>/fyXK^ 
?a«cc7)a*>, «{CSi«5:fflv^i,c:tA«JfiLv\ SiC 

m<o-ty i-y -7 xm(Mi) ^mA-nzttzji'). fs-ji 

'R^E^'yX»(7)^i:m)\-1-lZti}<X'^i. mz. 
20 ^¥imUzJ:olzCVDg(M$iifz^y^ y7xm 

Sn°iitt*^'«<. ^t^±i¥iwtdi}f-t?>zti)^^itx-h 

[0032] *%BUc7)-t 7 5 -x ^' 7Xft(c 
SMjgffi{c^?LSHE3?**7X^3rgit. C<7mB55-s 

30 icm<r>-tyi y^xm (m) zmu.:L<r>x-h-^x 

^HWt*S«ai7«snjl^y::Uat&Se2. 0-2. 19 

L . j: <o-$ti?r^53?i>'7 xfi"3 (r)^miz±Mi b mmz L 

XSicm<7)^yi y7xm (I. 2) i:}^&-ti,Zt 
(^J:-5T^#f>/^l,. 

t 0 0 3 3 1 ^Kfi^n^^'yXlSii, 6rsS.Lti3-1ini5 
i m^?j5(i^'7x;g3tfO)?$li. 2?ffcoigtt: ffli&^ 

i^2t^0. $'liniS^/fyXff)?*mi)^^^<Kcl. X 
M. ^'iinWi^/fyxmmJ^ct-O, TvA/jyXt-i: 



( 

9 

[0035] 

SO. 4g/cni3 , mjag2 0 0— SOOjum, 
ttBSSftaS .6X1 O-'Z-C ( 2 5-9 0 01C) , » 

Si^O. 08kca 1/mhK. t6Jg:Ji-Wg(pp 
m) :Na<0. 2. K<0. 2. Li<0. 2. Mg 

<o. 2.Ai<i.cu<o. I) i:&i&m^ m 

g2 0 0mmxj^$3mm) tCjllIL, C<0>8lO: t/:: j/ 

0/im (EL. ^^WCS i CmS-*»ii«S^S^i-co 

ia>g : 1 2 3 0-C. cSAXfX ; SiCn J2. 7SL 
M. C3 Hs €:0. 9SLiM. Hj i£:2 0SLM, 
1^2. 5hrstL/o. flSJ^fiJcfiaFaiLL, a??-5e 

Bi»55^5riK-r t ftHS?iSt ^8 0 0-CR]{cfcft5 8 0 

[00 36] fmstm2imiimibm^(7)->o/!n$' 

K^iPUa^SL: 1. 8 5g/cm3 . S\?l^i'5»2 0- 
1 8 0 /i m ) 5rtRSf^;^tCjDl L . ^ OffiSgfJ^ttcO 
->'J/7W^fL(*{CCVDifT-S i CKr 1 0 0/im (d 

3 >s!iA^'f-f L , H F I- H N od mmv 1 0 miJi 
if Uci}\ mnmzji y^y/izx hmW}'^x< , ij^ti 

[00 37] r^igfiaiSj <PM;H««<03ii^Jg2. 1 
Og/<;in3 «0^SqfP55?;^'7X(!ici^ffl.l;L 0 0 
»nmXtJI200minXl|E$3mm) , :L<r)^-^iiy x\k. 

Lfz (5l7&E.^€f-ffttt: *lifO. 8g/cm5 , rvjfif? 
5 0 - 2 0 0 /4 m , ¥itj»»*K5 . 6 x 1 O '/r 
(25-900r) . »ie^5i?0. OSkca 1/mh 
K . «lSJ;9rffi ( p p m ) : Na<0. 2,K<0. 



^3^200 1 -2 6 1 375 
1 0 

2. Li<0. 2.M.'?<0. 2,AI<l.Cu< 
0.1). HiL-> ffy :i.n^7&.iiir^i.ml,z^-^ tr^ 
A^i&"Mjs^A'yy.i^<OWii^ V /f y X^i^f^^ ( ^j^® 

m/fyX'i'fSaa. S i C^ffi«€.,lco«gBf^^-^jff 

t\ ^mmiztmrnmir^-rhztti^xt^-y 

10 [00381 r^e»!4 jSiO^i^ (^^3 0 8in 
m. ^JSB llmm. 350 mm) f)iSBg53£py^ 

<r>w^ofjj}yxn^i&». ($'K'sm^/fvxm) mm 

izcvDipx-SicmiOOumj^ALfz. ^tat 

mt\ ^^mB§^Tff)mi,-^miz-rhtmz^ms^ 
yfxizjiimitizmi, 2rM&L±.<^mmmi!)^mx' 

h-^tz. ^fz. iSSJ5K5rffiffl*{c, HF + HNO3 a 

20 «T 1 0 muf Lrzi}\ mmmzx. v^^^r^zx hm 

[0039] 

[^^m^^] -■^%m(rHiy^~/9xm[E3.ijyXW 
5<tTi,. ^S^k^ffyxk.'ty^v^xmwi) b<^m3& 
tiJ!S.<r>^mi:mstrhZtiiiX-^i,. iS-5T. * 

30 ^itLxmmm^h^■ti>:liii}-^J:<,^^z^{lfi 

[0040)^/0, *^<D-b 7 5 y ^'J^SnrSI?;*'? 
itz, '€^/fyxmz$^iim^/fyXJa^M^iS 

^L, ^(^^iinWi^'yxmmmiz-tyi v9:z.m^ 

40 yyrnm^mi^i^^mm^t-fim^^smco 
ft^smmizmizm^tii. 

[I2ifi|OfSiji4-i»HB] 

[la 1 ] 0 114, aiW*^*^7L«5ll;y7^Hc*»<t,^:S® 
tico-^ajicn-b 7 5 .y ^' XlRjI535Xf 7;:^«ccOffliafll>S 

[I?l2]il2»4. ^s^^'yxmzf^iin^^/fyxmi 
X'fi'>X . ( a ) «ir £7)J38ia, ( b ) li^co^^fijyt 



1 1 

1 s ict^m (IS) (mm) 

2 SiC»SB(18) (mst^) 



(7) 



45^2 0 0 1-2 6 1 375 
1 2 

4 C1l;lf7;^«c 




[@2] 
(a) 





F^-as(##) 40)59 AA16 AB09 AC17 AC18 EAll 
EA12 EBOl 

-W03 AA17 BA37 CA06 FAIO 
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